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PROJECT DESCRIPTION

Actual evapotranspiration (ET) depletion i
guantities in studies of the middle Rio Grande Basin
based measurements and remote sensing techniques to
along the middle Rio Grande riparian corridor in central
riparian evapotranspiration (ET) along thélearridor range fro
total water depletions (Dahm et al. 2002). piversity of Ne
of Civil Engineering and Biology have beerwort p better defi
native and non native flooding and nont floodii ) ithi
of-the-art micrometeorologi echniques. C , hal y ground based
micrometeorol ogical datafe ollected usig the four fnstrumentation towers installed in
cottonwood and saltce ower data fOMM the basis for calculating ET at the four
tower sites using the'3-D arfance method erly et al. 2002). These ET vaues are
arguably the most accurate & availabje along the middle Rio Grande corridor.
However, the ited to O our POImtS g the 320-kilometer riverine corridor. This
research bgfter defines tions by calibrating remote sensing imagery with these plot
scae ! ctter Spatial.and temporal estimates of ET provide important
informatiC n additien, the resulting spatial and temporal distribution of ET
provides ins along the corridor as a function of location, time of year, and

le of the mpost important
S2002). This researc ground-
e efyapotranspiration (ET) estimates
Mexico. Previous estimates of
stween 20 to 50 percent of the
lexyco (UNM) Departments
T depletion valuesin
he riparian forest using state-

. Classifying habitat along the middle Rio Granderiparian corridor using Landsat 7
ETM+ imagery. This section describes the distribution of habitats as they relate to
Potential ET depletions.

[I. Estimating evapotranspiration depletionsin Tamarix and Populus deltoides canopies
at the plot scale along the along middle Rio Granderiparian corridor. Thissection
solidifies the idea that vegetation density can be used to scale ET to the riparian corridor.

[11. Scaling ET to the entire middle Rio Grande Corridor using Landsat 7ETM+
imagery. Based on the culmination of elements| and I,



|. Classifying vegetation along the middle Rio Grande riparian corridor using Landsat 7
ETM+ imagery.

1. Introduction

The middle Rio Grande riparian corridor extends about 320 kilometers from the Otowi
Bridge to Elephant Butte stream gages (Dahm et al. 2002). Figure I-1 shows the middle Rio
Grande watershed in central New Mexico and identifies the four reaches defined by the Bosque
Biological Management Plan. Characterizing the temporal distribution of riparian habitat is the
first part of an on-going research project to scale evapotranspiration (ET) depletions along the
middle Rio Grande riparian corridor in central New Mexico. Towar initial goal, this paper
presents a technique for creating dynamic three-dimensional (3D) h@bitat maps using Landsat 7
ETM+ imagery and the decision tree classifier in ENVI 4.0. T ting maps can be produced
with sequential cloud-free images to illustrate the temporal [ ulture, grasslands,
wetlands, and forested canopies. In addition, these maps historic maps to
assess the changes along the middle Rio Grande. A co a June 2001

(Crawford et al. 1993). The historic comparison 100 nonnative
habitats along the riparian corridor. A seasonal compari
aMay, 2002 image to illustrate the changes in habitat in di

2. Site Description
Historically the middie Rio Grande f ' dlightly sinuous river that
broadly meandered Iaterally Wlthln the 2-km te plain. The native forests or

in seeped and waterlogged areas caused by a
020s, the newly formed Middle Rio Grande Conservancy
2nted a plan for flood control, drainage, and irrigation
he construction of dams, levees, and Kellner jetty jacks
in the mid 19 [ 2 river and played amagjor role in defining the existing riverine
corridor. Drainag inthe dramatic disappearance of lake and marsh communities.

practices have resulted N invasion of exotics including Russian olive (Elaeagnus
angustifolia), saltcedar fTamarix chenesis), and Siberian elm (Ulmus pumila) (Crawford et al.
1993). All three exotic species are found intermixed and in the understories of native
cottonwood stands. Saltcedar also can be found in dense monotypic stands in both flooding and
nonflooding areas. The maps produced in this research identify the broad categories of native
and nortnative habitat in today’s highly regulated Rio Grande.
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Figurel-1. The middle Rio Grande in central New Mexico. For this study, theregionis
divided into four reaches which start immediately below the Cochiti reservoir and end

above the Elephant Butte Reservoir. Each reach is separated by a USGS stream gage.

3. Methodg . 4
: to distinguish water and vegetation based on spectral
istS the eight bands measured by Landsat 7 ETM+ and
era reports show that red, near infrared (NIR) and mid
infrared (M in detecting chlorophyll, vegetation, soil moisture, water, and
leaf structure. eloped in this research uses these bands and the decision tree
classifier in ENVI dynamic 3D habitat maps. Although, the procedure is presented
in a step-by-step for thefactual processisiterative. It requires tweaking of the rules to clarify
the blurred boundaries Detween habitat classes in order to create 2D habitat classification maps.
Overlaying 2D maps onto relief maps based on an index related to potential ET produces 3D
classification maps. These maps define the boundaries between classes with greater detail than
the 2D maps.

3.1. Decision Tree Classifier
The decision tree classifier in ENVI is new to version 4.0. An earlier version of this
same classification technique is done without the benefit of the decision tree classifier.
(McDonnell et al. 2003). The classifier simplifies the process of applying a hierarchal series of
rules to the region in order to differentiate habitats. Specifically, the classifier perforns



multistage classifications based on “yes’ or “no” answers to expressions or rules (ENVI users
manual 2004). The expressions used in the classifier may come from any source with the same
geographic positioning. Examples of sources include masks defined by polygons or shapefiles,
images captured by different sensors, or images taken on different dates. Each decision divides
the pixels within an image into two classes. The pixelsin each new class can be divided into
two more classes based on the next expression. The resulting tree can be as ssmple as two
classes or infinitely complicated.
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Figure|-2. Spectral signatures for representative habitats. High reflectance in the red
and low reflectance in the NIR and MIR represent wet areas. High absorption in the
red with high NIR reflection indicates green vegetation. The higher absorption in the
MIR bands represents higher water content in the leaves.

This technique takes full advantage of the decision tree classifier’s ability to incorporate
multiple images. Two images are used to distinguish habitat. These images represent a shift in



the way habitats behave at different times during the growing season. The patterns in spectral
signatures of the June 4, 2001 image enable us to distinguish vegetation and water. Water tends
to reflect red and absorb NIR and MIR light (Figure1-28). The June 2001 image is particularly
useful in capturing water because it occurs shortly after a planned flood release from the Cochiti
reservoir. Figurel-2c and d shows that vegetation tends to reflect NIR and absorb red.
Although, the June image can distinguish vegetation and water, it cannot distinguish between
vegetation.

The patterns in the May 6, 2002 image help to further differentiate vegetated habitats.
We believe this is because the May 6, 2002 image represents a perio ress. Night time
temperatures are low and drought conditions persist in May 2002. knowv that physiological
processes of plants differ in their response to seasonal stresses set al. 2000). For
example Aspen (Populus tremuloides) leaves develop on sh go through winter
with preformed buds (Archibold & Ripley 2004). Their | ly at the start of the
growing season. Similarly, Figure I-2e and f show thatd
canopy exhibit spectral properties indicative of earl irati pared to the

Russian olive habitat tend to have higher NIR and lower ancein t.he MIR bands in the May
image. In both the June and May images est within the signatures lay in
the red, NIR, and MIR wavelengths.

(NDVI). Gamon et al. (2004) analyze the rela {DVI, canopy structure, and
photosynthesisin Califor [

canopies but when leaf , Sensitivity decreases. Red light is absorbed
by chlorophyll withig 0a 1996, and Anderson et al. 2004).
When LAI levels are gred DV is saturdied (Goa 1996). Bosgue habitats typically
have LAl m e, NDVI has limited application in these
forested hal

Using Land Page (2000) achieve success in locating water using NIR
and MIR band jex, known as the normalized difference wetness index (NDWI),

estimating the water p& area of vegetation (Maki et al. 2004). A Landsat NDWI, using
bands 4 and 5, is more gensitive than NDVI to leaf area and water content in closed canopies and
saturates at higher LAI values (Anderson et al. 2004). Expressions based on NIR, NDVI, and
Landsat wetness indices are applied to the May and June images to develop 2D classification

maps.
The Landsat indices used in this research are defined as follows;
NDVI = [NIR (0.84 pm) —MIR (0.66 um)] / [NIR (0.84 pm) + MIR (0.66 pm)]

PETI* = [NIR (0.84 um) —MIR (1.65 pm)] / [NIR (0.84 pm) + MIR (1.65 pm)]
NDWI-2? = [NIR (0.84 um) — MIR (2.21 pm)] / [NIR (0.84 pm) + MIR (2.21 pr)]



1 PETI = Potential ET Index (highly correlated to ET in a parallel study). PETI isalso called NDWI in other
studies but because all NIR and MIR normalizations are labelled as NDWI, we chose to differentiate PETI
from the other NDWI numbers.

2. NDWI-2 = Does nhot correlate to ET but has been used as a wetness index in Anderson et al. (2004).

3.2. Adding Relief to the Classification Maps

Adding spectral and textural characteristics to improve classification accuracy has been
tried in a number of studies (Innes and Koch 1998). In one study, texture improves class
segmentation (Ryherd and Woodcock 1996). In another study, a principle components analysis
of red, NIR, and MIR helps, to some extent, distinguish boundaries classes (Abeyta and
Franklyn 1998). In this study we create a relief map of PETI to define the fuzzy boundaries
between habitats and characterize the roles different habitats p in the ecosystem. The
PETI relief map is created in ENVI 4.0 for June, 2001 and
classification for that particular month is placed on the PE i . set classification
transparency at 40% to allow texture to show through ' ificati he texture
distinguishes areas with high PET. Inorganic dry g
look flat while heavily transpiring vegetation wil
relates to the level of water consumption.

3.3. Calibration and verification
Cdlibration is primarily based on
Photos of one point in the 12 calibration sité

Sites are also research sites mstrumented to me ty of biotic and abiotic parameters.
FigureI-4 shows atypical coq uratlon of the [ he wells at each site have GPS
coordinates to help locate eferenceddmages. The photos illustrate the
heterogeneous nature g tes and th ifflcultiesthat arise in developing an
ontology that would€ @ other maps. These points and points at
the other four cali bratlon S essions or rules used in the classifier

Areas readily d water, do not require GPS calibration points.
In additio ds and irrigated agriculture have a strong water signal and a

or Jwith the index indi€ate that either the May or June index is required in that particular rule.
For example, MPET]I refersto May PETI and must be used to separate shrub-like vegetation
from tree-like vegetation. The decision tree in Figure 5 can be applied to any image in 2001 and
2002. Executing the decision tree classifier using the rules in Figure 1-5 produces a2D
classification map. Overlaying the 2D classification map on the PETI hillshade enhances the
detail. The resulting maps are informative 3D classification maps. The northern and southern
reaches are shown in Figures |- 7 and I-8 respectively.
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FigureI-5: Bosgue decision tree constructed in ENVI 4.0. The expressions are applied to each
remaining set of pixelsin ahierarchal system. If a month is indicated then that month is used

for al images. J = June 4, 2001 and M = May 6, 2002.
EQ(RR): (NDVI +0.135) > NDWI-2 OR NDWI-2< 0.3  EQ(WTR): (NDVI + 0.135) > NDWI-2

5. Discussion

pinson 1958, Sala et al. 1996, Cleverly et al. 1997, &
recommends eliminating saltcedar from riparian areas

consume more W than salt dar and willow habitat. This may or may not be true over the
entire growing seas
anomaly. A complete
several years to see co

SIS requires multiple images over a growing season and perhaps over
Stent patterns in the various habitats.

6. Progress
Thiswork is complete
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II. Estimating Evapotranspiration Depletions at the plot scalein Tamarix and Populus
deltoides Canopies along the along Middle Rio Grande Riparian Corridor in Central New
Mexico

1. Introduction
Traditional methods use micrometeorological datato scale ET. Because we are
interested in the role vegetation plays in ET depletions, this work focuses on using a vegetation
index to scale ET. Thegoal of this research component is to determine if leaf areaindex (LAI)
measured using a LICOR 2000 LAI meter can be used to scale actual evapotranspiration (ET)
depletions from four sites with 3D eddy covariance towers to multipl s aong the middle Rio
Grande riparian corridor in central New Mexico.

2. Site Description

The University of New Mexico isworking to qu
native canopy on ET depletions at 12 study sites alon
Instrumentation towers are installed at four repr
cottonwood site, a flooding cottonwood site, an
saltcedar site (Figure 11-1). The towers provide half
These sites form the basis for calibrating ET at eight oth
Figure 11-1 shows the location of all 12 S sites. Thel

esentative sites within the region
f atypical study site with an

noted that this work was initiated prior to insta
tower is not included. Th
longer in operation.

Otowi Bridge

Rio Grande Nature Center (RGNC)
Albuquerque Overbank Project (AOP) y
shirk/South Valley (SHK) v |

8. Fevvy oy -r Ysl.0s Lunas (LLS) 1
N M iy ’_.,' vi _ ‘ _Belen BEMP (BLNB) 1
. L_;{ s i g4 Belen (BLN) 1 |
W5 g 250 ' f",-«:’ ey __ Bernardo Cottonwood (B [H}l';} 1
e ot ; /3 { Bernardo Saltcedar (BDOS) ¥
.f:b Albuguerque ‘ ' b ' Sevilleta (SEV) ¢ |
i Sty LSNP e e Apche Cottanvaod BDAC)
* —— ,.1,}; P g i ¥ Bosque del Apache North (BDAN) §
®  Study Site . e > ?_ﬁ : Bosque del Apache South (BDAS)
== River e tl f- ’ ~
| Tower ; "”g Elephant Butte
Vv Salteedar (Tamarix ssp.) L 4] i . Y
1 Cottonwood {Popufus deftoides ssp.) / Mlddét; tl:l::l Epra“dc

Flooding

Figurell-1. Middle Rio Grande with study sites identified.
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3. ET at the Tower Sites

The 3D eddy covariance towers have 3D eddy covariance tower Drain
been instrumented to quantify the various Potential tower foolprint —— | -&¥¥
parameters in the energy balance equation. with southerly winds
Figure 3ais an example of an instrumented Wells (spaced 40
tower at the Sevilleta saltcedar nonflooding meters. from
site. The energy balance equationisbasedon "8 the
conservation of energy where energy inputs Hiver “m ;
equal energy outputs. Figure 3b illustrates the Mljmnv M—-}
daytime flow of erergy ir_1 a_nd out of_a Figure -2, Typical study site
forested surface. Net radiation (Rn) isthe configuration. This image has a tower
term used to _deSCI‘I be the flow of energy into located at the center well. the
canopy. Rnisthe percent of short-wave \
radiation not affected by abedo minus long-wave radl . Buring the isvaueis
positive since solar radiation exceeds long-wave r on. At night Rnisn e. All other
energy terms must sum up to equal Rn as shown j
equationl: Rn=LE+H+ G+ S+ Advection
Rn = net radiation, LE = turbulent Iatent‘ 3D Eddy Covariance
heat flux to the atmosphere (E = a
evaporation, L = latent heat of 3D Fady b LE H
vaporization), H = turbulent sensible ptinanc: Trie Rn
heat flux to the atmospherg Ly
hesat flux, S = canopy hg Transpiration
Advection = |ateral & erg E{ T - .ok
(Barry & Chorely 1998). .

i Samic
J heat of Ancmometer

flux (LE)¢@ ' flux (F SR Shirk/South Valley
L?acth;lux S 15 June 2001 . 2001
conducted fro Ce | T o : P \/R\
the soil (G). Edd i 3 : T — mep Al i
caculate LE and H: - A 4
of air that transport ene : A=
and moisture from the f@rested canopy to WA 10l 20 TR R
the atmospheric boundary layer just Time (minutes) Julian Day
above the canopy (Barry & Chorely Bn LE H G StAdv
1998). Instruments (Campbell Figure11-3. The energy budget asit applies to the
Scientific) are affixed to the towers, riparian canopy. a) Instrumentation tower at
positioned approximately 1.5-2 meters Sevilleta. b) Daytime energy transport in and out of
above the canopy (Dahm et al. 2002). the canopy. ¢) Daily and seasonal energy budget at

The instruments on the towers measure Shirk/south valley.
vapor and hesat fluxes. These fluxes are

11



statistically correlated with vertical wind velocities to determine the net transport of LE and H
(Dahm et al. 2002). A three dimensional sonic anemometer measures vertical wind velocities. It
also measures virtual temperature as a function of pressure, specific heat, gas constant for air,
and the speed of sound. Virtual temperature is corrected for specific humidity. A krypton
hygrometer measures vapor pressure.

Canopy storage (S) + Advection cannot be measured directly. Sisarelatively small
term. Unfortunately advection, the lateral transport of energy by wind, can be quite large. S +
Advection are determined by solving the energy balance equation. A percent of thisvalueis
reallocated to LE using the Bowen Ratio (equation 2). Total LE ist culated (equation 3).
Finally ET can be determined (equation 4).

equation2:  LE =H/(S+ Advection) =>if His< Othen L
equation 3:  LE(total) = LE(eddy covariance) + LE(Bo
equation4:  ET = LE(total) /| yrw

ET=actual evapotranspiration, | , = latent heat of
Half hourly valuesfor Rn, LE, H, G, and (S + advection)

change in these fluxes at the Shirk/southwalley site over a
over the growing season.

uantified. Figure 3c shows the
r period for June 15, 2001 and

4. Methodology

4.1. Overview
Seasonal ET deplél ate controlled by multiple factors including leaf

Chorely (1998 ; e forested canopies along the middle Rio
Grande ripasia i [ ion analysis, ameasure of leaf surface area,

Tamarix ssp. do not cogs
the native species. There have long been
assertions that the invasive Tamarix ssp.
consumes more water than native species
(Davenport et al. 1982 and Tickner et al.
2000). In order for a Tamarix ssp. canopy

to consume more water, it would need to —

form a denser stand than its native i\ .Y

counterpart. We test two techniques for g e 1-4. LICOR LAI-2000 meter used to
measure LAI at the 12 study sites

12



measuring leaf surface area. One technique is a field based measurement of leaf areaindex and
the other is based on a potential ET index (PETI) derived from Landsat 7 imagery.

Field measurements of LAI were taken at each of the five wells (Figure 11-2) of the 12
study sites using a LICOR LAI-2000 meter during the 2001 and 2002 growing seasons. Figure
11-4 shows afield investigator measuring LAI at the Sevilleta saltcedar site. The LAI-2000
calculates LAl based on blue reflectance measurements made with a "fish-eye” optical sensor
(148° fidd-of-view) (Wells and Norman, 1991). Above-canopy and bel ow-canopy
measurements were taken. The above canopy shots were used to subtract the sky from the leaf
area. Multiple below-canopy readings and the fish-eye field-of-view ifiSure that LAI calculations
were based on alarge sample of the foliage canopy. The control performed all calculations.
All measurements were taken at dusk or under cloud cover b rements taken in bright
sunlight would tend to underestimate leaf area (Wellsand N . Figure 11-2 illustrates
afootprint associated with the tower sites. These footpri ins direction depending

impossible to match the footprint completely, th
good representation of LAI for eachtower site.

4.3. ET increases with day length i
Day length is significant since tr ionisli osynthesis. Leaves and their
stomata, specifically their guard cells, resp
can be assimilated thus preventing unnec

th

Leaf Arealndex

X June/July ® August September

R%=0.70 R%=0.79 R?=0.87

13



4.4. ET issuppressed at high and low temper ature extremes
Temperature affects all biochemical reactions of photosynthesis and subsequent
responses to temperature are complex (Taiz and Zeigler 1998). Plants generally have optimum
temperatures for photosynthesis that reflects the combined effects on both gross photosynthesis
and respiration(Taiz and Zeigler 1998; Aber and Méellilo 2001). CO, assimilation is suppressed
at low temperatures and high temperatures (Taiz and Zeigler 1998). A correction for high and
low temperature extremes is applied to the estimate ET values. -~

Seasonal Low Night-time Temperature with
ET at the Tower Sites

Shirk/South Valley Belen
10 y r 20 10 = 20
8 8 15
I @
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} f'. E
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—_— 4 4 4 ]
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3
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Julian Day
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Temperature (T) Evapoiranspiration (ET)

Figure 11-5—Daily low night-time temperature plotted against ET depletions

5. Results
5.1. Multipleregression analysis

The results of the multiple regression analysis are presented in figure I1-5. The results
show a high correlation between LAl with temperature and daylight corrections and ET.
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ET asa Function of LAI,%day,
temperatur e extremes
10

ET(Tower)
OoON MO O

ET(LAIlregression)

~ Standard
Error t Stat

LAI 0.10 12.39
% Day 1.64 1080  <0.01
Tcor 0.14 -14.14  <0.01

Intercept  0.98 -7.21 <0.01
h

Figure ll-6. Multiple regression of ET asa function
of LAI, day length, and high and low temperature
extremes. ET(Tower) isthe ET calculated with the
3D eddy covariance towers.

P-value

5.2. Seasonal accumulation of ET at the 12 study sites.
Figure 11-7 shows the seasonal accumulation of ET at the 12 study sites.
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Seasonal Evapotranspiration Depletions
for 2001 and 2002
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Figurell-7. Seasonal ET depletiors at each study site calculated using
an equation developed with a multiple regression analysis. The
regression is based on LAI, temperature extremes, and day length.

6. Progress
The analysis of thiswork is complete.
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[1. Scaling ET to the middle Rio Grande Riparian Corridor in Central New Mexico for
2001 and 2002

1. Introduction
This research element is the culmination of research elements | and |1. Research element

| found an apparent link between ET and a vegetation index using remote sensing imagery.
Research element 11 found a link between vegetation and ET using a ground based LAI meter.
The question regarding the total consumption of ET along the middie Rio Grande riparian
corridor by native and non-native canopy types cannot be answered by looking at a single map of

DVI. We know from chapter one
ing NDVI, we use PETI from

andsat 7. The accuracy
rement points may not be

17
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Figurelll-1. Monthly ET depletions at Bosgue del Apache calculated using an
equation developed with a multiple regression analysis.  The regression is based
on PETI, temperature extremes, and day length.

4. Progress
The basic analysisis complete. The following tasks still remain.
Process remaining images
Apply the equation to all images
Fit a6 order polynomial through each pixel, integrate the area under the resulting curve
and calculate the seasonal ET maps.
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